Somatostatin-like immunoreactivity (SLI) from dog and rat plasma eluted from Biogel P-6 columns as three distinct peaks. A large-molecular-weight peak was present in the void volume of the column, an intermediate-sized peak (SLI
A 28-amino-acid form of somatostatin S-28 has recently been isolated from porcine intestine 1 and ovine 2 and porcine hypothalamus. 3 It is also released by isolated pancreatic islets in perifusion experiments. 4 Its structure is that of the tetradecapeptide somatostatin (SRIF) with a 14-amino-acid amino terminal extension. The biologic significance of this peptide is unknown. It has been suggested that S-28 is a precursor of SRIF. 3 However, since S-28 is more active than SRIF in some biologic systems, 5 it is also possible that S-28 may represent a naturally occurring form of somatostatin discrete from SRIF. S- 28 has not yet been identified in the circulation. In this study, we describe the presence of a form of somatostatin-like immunoreactivity (SLI) indistinguishable from S-28 by gel filtration chromatography, high pressure liquid chro-matography (HPLC), and radioimmunoassay in the portal and systemic circulations of dogs and rats.
MATERIALS AND METHODS
At laparotomy, end-sampling catheters were placed in the portal vein and femoral artery of five normal mongrel dogs fasted overnight as previously described. 6 Blood samples were drawn into tubes containing Trasylol (500 KlU/ml) and EDTA (1.2 mg/ml). Plasma was separated immediately at 4°C and stored at -20°C until assayed. Blood was drawn from the portal vein and aorta of anesthetized, fasted rats at laparotomy and handled similarly to the dog samples.
The radioimmunoassay of SLI was carried out in 0.1 M sodium citrate buffer containing 0.1% BSA and 0.2% sodium azide, pH 5.0. The rabbit antibody R3b (anti-SRIF thyroglobulin) was used in a final concentration of 1:15000. [ 125 ITyr 1 ]SRIF was prepared by the lodogen method (Pierce Chemical Co., Rockford, Illinois) 7 and was purified on a Sephadex G25 (fine) column (1 x 50 cm). Final assay volume was 900 /x.l and incubations were carried out for 72 h. Charcoal was used to separate bound from free peptide. Synthetic SRIF (Bachem, Torrance, California) and S-28 (kind gift of Drs. N. Ling and R. Guillemin, Salk Institute, San Diego, California) were used as standards. [des-Ala']-SRIF was kindly supplied by Dr. B. Petrach of Ciba Geigy Corp. (Ardsley, New York). Under these acid assay conditions, there was no degradation of labeled SRIF as judged by immunoprecipitability and gel filtration chromatography as previously reported. 8 Recovery of S-28 added to plasma was 94.1 ± 6.8% (N = 7). The sensitivity of the assay as assessed by the least amount of peptide causing significant displacement (P < 0.025) of [ 125 l-Tyr']SRIF was 1 pg/tube for SRIF and 5 pg/tube for S-28. Interassay variation was ±9.4% and intra-assay variation was ±6.7%.
Gel chromatography of plasma samples was performed on Biogel P6 columns (1 x 47 cm). Plasma SLI components were eluted under gravity in assay buffer at a flow rate of 0.10 ml/min. Fractions (0.5 ml) were collected, and the entire fraction was assayed for SLI content. Recovery of SRIF and S-28 standards added to the columns was >90%. Re-covery of total plasma SLI added to the columns was 87.1 ± 2.7%. Dog portal vein plasma was prepared for high-pressure liquid chromatography by diluting 20 ml of plasma twofold with 1% trifluoroacetic acid (TFA). The mixture was passed through a reverse phase C-18 cartridge (Water's SepPac), to which the SLI adsorbed. The cartridge was rinsed with 5 ml of 1% TFA and the SLI was eluted with a 1.5-ml mixture of acetonitrile, water and TFA (400:99:1). The volume was reduced to 250 )u,l in a rotary evaporator, and the solution was subjected to reverse phase HPLC. The stationary phase was a 0.39 x 30-cm //.Bondapac C-18 column and the isocratic mobil phase was 24.6% acetonitrile, 75.4% 0.1 M triethylamine phosphate, pH 3.0, at a flow rate of 1.5 ml/min. Fractions (0.75 ml) were collected and diluted 75-fold with assay buffer and SLI levels determined by radioimmunoassay.
RESULTS
The relative immunoreactivity of SRIF and related peptides is shown in Figure 1 . On a molar basis, S-28 is half as reactive with our antibody as SRIF and [des-Ala']-SRIF reacts equally with SRIF in the assay.
SLI eluted from the columns in three discrete peaks (Figure 2) . A high-molecular-weight peak (SLI Vo ) eluted in the void volume, an intermediate-molecular-weight peak (SLI 28 ) coeluted with synthetic S-28, and a low-molecular-weight peak coeluted with synthetic SRIF and [des-Ala']-SRIF. The material from the SLI 28 peak was compared with the S-28 Standard in the radioimmunoassay. As shown in Figure 1 , material from this peak dilutes in parallel to the S-28 Standard.
The levels of SLI present in each peak varied from animal to animal as shown in Table 1 , but in the dog, portal levels of both SLI 14 and SLI 28 were consistently higher than the corresponding peripheral concentrations. The portal peripheral ratio of SLI 14 (3.5 ± 0.4) was greater than that of SLI 28 (2.2 ± 0.2) in all dogs consistent with the greater hepatic extraction of SLI 14 which we have previously observed. 9 To determine the source of plasma SLI 28 samples were drawn from catheters placed in veins draining the gastric fundus (short gastric), gastric antrum (gastroepiploic), pancreas and duodenum (pancreatico-duodenal), and small and large intestine (superior and inferior mesenteric) in three additional dogs. The concentrations of SLI 28 in the pancreatico-duodenal and superior and inferior mesenteric veins were greater than the arterial concentration (Figure 2 ). This finding suggests that circulating SLI 28 is derived from the pancreas and/or duodenum and intestine.
To further elucidate the identity of the intermediate molecular weight SLI fraction, an extract of dog portal vein plasma was analyzed by reverse phase HPLC. Three SLI fractions were obtained (Figure 3) . Two of the fractions coeluted with S-28 and SRIF, respectively. The remaining SLI fraction was not adsorbed by the reverse phase packing under these conditions and, although its exact nature is uncertain, it may represent the void volume component seen after gel. chromatography. There has been a great deal of interest in characterizing the circulating forms of somatostatin-like immunoreactivity.
Many workers have identified a fraction which coelutes with synthetic SRIF on gel chromatography, 10 -12 and this low-molecular-weight SLI fraction is believed to be [des-Ala']-SRIF. 13 ' 14 The nature of the high-molecular-weight SLI fraction is uncertain, although we have confirmed previous observations that its molecular size is greater than 150,000 daltons 15 and that it does not dissociate in 10% acetic acid nor increase when SRIF, [des-Ala']-SRIF, or S-28 are added to plasma (unpublished data).
In this report, we describe the presence of an intermediate-sized SLI peak from the portal and peripheral plasma of dogs and rats. Since this fraction is present in very low concentration, its isolation and complete chemical characterization has not been possible. Nevertheless, the techniques which we have used, namely radioimmunoassay, gel chromatography, and HPLC suggest that this fraction is chemically very similar if not identical to S-28.
Although SRIF has important physiologic functions as a neurotransmitter and regulator of growth hormone and TRH secretion, its status as a hormone is still uncertain. 16 It may regulate the rate of nutrient entry from the intestine 17 and the demonstration that physiologic concentrations of SLI may suppress insulin and glucagon secretion is consistent with a possible hormonal role for the peptide. 18 In the present study, we have demonstrated that the circulating concentrations of SLI 28 and SLI 14 are similar. In view of the demonstration that S-28 has greater potency than S-14 in inhibiting both endocrine 5 and exocrine 19 secretions, the plasma levels of SLI 28 which we have detected may have important physiologic effects.
Many biologic differences between S-28 and SRIF have been described. Thus S-28 has greater potency in some physiologic systems, 5 a more prolonged duration of action in others 9 and an ability to bind to tissue receptors with a specificity different from S-14. 20 The relative rates of secretion of S-28 and S-14 into the circulation may therefore regulate the action of these peptides. Clearly, further studies are needed to define the factors which influence the rate and site of release of S-28 and the contribution of SLI 28 to total plasma SLI. However, the identification of S-28 as a circulating form of SLI raises the possibility that it may be a true hormone, with physiologic functions and rates and sites of secretion discrete from SRIF.
